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Subject  "Properties of biopolymers solutions"

1. Number of hours  2

2. Material and methodological support
 Tables:
1. Scheme of structure of the subject.
2. The structure of protein molecules.
3. Hydration of polar groups.
4. Isoelectric point of some proteins.
5. Gelation of polymers.
6. Syneresis.
7. Donnan membrane equilibrium.
1. Medical Chemistry: manual for medical students / I.V. Zavgorodniy,                          A.O. Syrovaya, E.R. Grabovetskaya et al. – Kharkiv, Ekograf,2011. – 240 p. 
2. Medical Chemistry. Self-study guide for the 1st year students (English medium) /  A.O. Syrovaya,  E.R. Grabovetskaya,  L.G. Shapoval et al. – Kharkiv:  KhNMU,  2014. –   70 p. 
3. Syrovaya A.O. Medical chemistry. Adapted concise course / A.O. Syrovaya,  E.R. Grabovetskaya,  L.G. Shapoval. - Kharkiv:  KhNMU,  2013. –  160p. 
4. "Properties of biopolymers solutions" - Methodical instructions for I year students' self-work in "Medical Chemistry"
5. Individual tasks for students’ self-control of knowledge in Medical  Chemistry / A.O. Syrovaya, L.G. Shapoval, V.N. Petiunina, et al. – Kharkiv: KhNMU, 2014. –50 p. 
6. Text of Lecture 
Laboratory utensils and reagents for laboratory work "Protection of colloidal solutions from coagulation by solutions of high molecular weight compounds" to study the effect of polymers on the stability of  sols (a stand with test tubes, burette, pipettes, ferric oxide sol, 0,1% starch solution, sodium sulfate solution                (C (Na2SO4) = 0,05 mol/L)).
3. Substantiation for the subject. High molecular weight natural compounds - biopolymers - are the structural basis of all living organisms. They play an important role in the processes of life. Biopolymers are proteins, polysaccharides, nucleic acids. Biopolymers form during biosynthesis in cells and are involved in the course of vital processes. Thus, proteins constitute the material basis of cell activity. Enzymes, hormones, structural, transport and protective proteins are among them. Animal starch - glycogen performs energetic function as a source of glucose in the organism. Nucleic acids play a major role in the transfer of genetic information and managing the process of protein biosynthesis. Thus, knowledge of the structure and properties of biopolymers is necessary for understanding the essence of the most important biological processes, it will help to understand the phenomena occurring in the organism (inflammation, swelling, and others.).
4. The purpose of the subject:
- general: to learn how to interpret the physical and chemical properties of biopolymers due to their biological function.
- specific: to explain physico-chemical properties of proteins, to make conclusions about charge of dissolved biopolymers based on their isoelectric point. 
a) to know: classification of HMC, composition of the most important biopolymers, proteins swelling mechanism and physiological significance of this phenomenon, the process of formation and physico-chemical properties of the gels.
b) to be able to: determine the isoelectric point of  proteins, degree of swelling, stability of the HMC in respect with the effect of electrolytes, protective action of HMC solutions; apply Donnan membrane equilibrium for estimation of the distribution of electrolytes in living systems.
c) practical skills.
- to identify the isoelectric point of proteins, the degree of swelling, resistance of HMC to the action of electrolytes, the protective effect of the HMC solutions;    
 - to apply Donnan membrane equilibrium to estimate the distribution of electrolytes in living systems.

5. Scheme of structure of the subject. 

[image: image1]
6. Plan of students' work.
	№ 

	Stage

	Time, min

	Training and visual aids
	Location


	1.


	Questions and answers

	10


	Manual

	Class room


	2.


	Self-work of students with methodological literature, the solution of educational problems, filling of self-study guide
	39


	Methodical instructions for students, text of lecture, manual for students' self-work, self-study guide, reference data, tables
	

	3.


	Laboratory work, filling in the blank 
	20


	Reagents, chemical utensils 
	

	4.
	Control of knowledge
	15
	
	

	5.


	Analysis and conclusions 
	5


	
	

	6.
	Home work
	1
	
	


7. Tasks for self-work:
-  list of questions to be studied:
1. Classification of HMC.
2. Natural macromolecular compounds.
3. Structural organization of biopolymers.
4. Swelling and dissolution of the polymers.
5. Properties of HMC solutions.
6. Isoelectric state of proteins.
7. Gelation. Properties of gels.
8. Donnan membrane equilibrium.
1. Classification of HMC

Depending on origin polymers are classified as: 

- Natural (biopolymers) – proteins, carbohydrates, nucleic acids, etc.
- Synthetic – polyethylene, polypropylene, synthetic fibers – nylon, polyacrylic, etc.
- Artificial – rubber, gutta-percha, cellulose acetate.
Depending on the method of synthesis:
- polymerization – polyethylene (-CH2-CH2-) n.
- condensation – for example,  proteins, since peptide bond is formed due to  interaction of carboxyl and amino groups with release of a water molecule.
Depending on the chemical composition:
- Homopolymers;
- Copolymers.
Depending on the spatial structure:
- Linear – (rubber, cellulose)
- Branched  –  (starch fraction – amylopectin, some synthetic fibers).
- Net or spatial – (glycogen, globular and fibrous proteins).
2. Natural macromolecular compounds
High molecular weight compounds (HMC), are the substances, which consist of macromolecules having molecular weight of at least 10,000 a. e. m. They are formed from low molecular weight compounds by polymerization or polycondensation and thus they are polymers. The size of the macromolecules is   hundreds and thousands times greater than that of ordinary molecules. The most important polymers in the organism are proteins, polysaccharides and nucleic acids. 
Protein molecules are formed by polycondensation of α-amino acids which are linked by peptide bonds. In humans, there are approximately 5000000 of different proteins, differing in amino acid sequences and spatial structure of the chains. 

Polysaccharides are formed by the polycondensation of monosaccharides, mainly glucose and some of its derivatives. Animal starch – glycogen consisting of  α-glucose monomers is present in the liver and muscles. Heteropolysaccharides of connective tissue (hyaluronic acid, heparin, chondroitin sulfate), consisting of the residues of various derivatives of glucose, play an important role in the organism.
Nucleic acids are polymers consisting of nucleotides, which in turn consist of nitrogen bases (uracil, thymine, cytosine, adenine, and guanine), one of the two monosaccharides  –  ribose or deoxyribose, and phosphoric acid. Composition of ribonucleic acid (RNA) includes ribose and deoxyribonucleic acid (DNA) includes deoxyribose. 

3. Structural organization of biopolymers
There are several types of structural organization of polymers. The primary structure is determined by the sequence of residues of monomeric molecules in the polymer chain. 

The spatial arrangement of the polymer chain determines secondary structure of HMC. Hydrogen bonds have fundamental significance in the formation of the secondary structure of proteins. Helix is formed if they arise between the peptide bonds in a single chain, and almost flat pleated sheet is formed if hydrogen bonds appear between different chains. 
Depending on the shape of macromolecules and solubility in water proteins are divided into two groups – globular and fibrous. This is trivial classification used nowadays. 
Helical structure is more typical for globular proteins, their chains are bent in space in such a way that macromolecule acquires a shape close to spherical. Globular proteins are soluble in water. Some globular proteins are albumin (egg white), globin (the protein part of hemoglobin), myoglobin, etc. 
Fibrous proteins have pleated sheet structure. They have a fibrous structure and are not soluble in water. These include widespread proteins – α-keratin (hair, horn tissue), myosin (muscle tissue).
Polypeptide chain with the elements of a particular secondary structure is able to acquire a certain spatial structure, i.e. to form tertiary structure. In this case, radicals of α-amino acids of the polypeptide chain which are approached in space due to its curves, interact. Along with hydrogen bonds involved in the stabilization of secondary and tertiary structure, ionic and covalent bonds, as well as hydrophobic interactions are important.
Several individual polypeptide chains can form more complex structures. Each individual chain maintaining its characteristic primary, secondary and tertiary structure acts as a subunit of this complex. The quaternary structure of the protein arises on the interaction of multiple subunits. This interaction is provided by hydrogen bonds and hydrophobic interactions.
4. Swelling and dissolution of polymers
Swelling is an increase of the polymer volume when it absorbs solvent. This process takes place in two stages. On the first stage hydration of polar groups of polymer occurs when it is placed in water. This stage is characterized by the release of heat and orderly arrangement of water dipoles around macromolecules, resulting in weakened links between individual polymer chains. In the second step a lot of liquid is absorbed without heat release. The reason of swelling is the mutual diffusion of solute molecules in the solvent and the solvent molecules inside the macromolecular substance. In this case, water molecules fill the space between the macromolecules in the loose structure of the polymer and weaken the intermolecular bonds. Gaps formed are filled in with new solvent molecules. The distance between the macromolecules increases, thereby increasing the volume and weight of the polymer.
 If the polymer is highly soluble in water, its swelling results in complete dissolution. Such swelling is called unlimited. If the solubility of the polymer is poor, limited swelling occurs, at which a certain amount of solvent is absorbed. Limited swelling results in the formation of gel.
Swelling process is influenced by a number of factors: the shape of the particles, pH, and temperature. Substances with spherical molecules swell very weakly. For example, animal starch – glycogen, consisting of globular molecules does not swell, while the vegetable starch containing helical amylose molecules swells markedly. 
The least swelling of proteins occurs in isoelectric state, since in this case the degree of solvation of the ionized groups is minimal.
 Effect of temperature on swelling is exhibited on the first step. Since hydration is followed by release of heat, the elevation of temperature reduces swelling (Le Chatelier's principle).
Different processes in the organism are accompanied by swelling: tissue regeneration, inflammation, edema, acid burns, insect bites. The main cause of swelling in these cases is pH change in the tissues.
5. Properties of HMC solutions 
Solutions of high-molecular compounds are true solutions, thermodynamically stable and reversible, requiring no stabilizer. Particles of such solutions do not consist of number of small molecules or ions as in colloids. They are represented by separate molecules. However, the size of such molecules is close, and in some cases is even bigger than the size of colloidal particles, which makes their molecular-kinetic and optical properties similar with colloids. 
Common properties for HMC solutions and colloids as compared with true solutions are:
-  low rate of diffusion;
- low values characterizing colligative properties of solutions (depression, osmolality, etc.);
- poor permeability through  semipermeable membranes that allows to purify them from low molecular weight substances by dialysis;
- ability to scatter the light (Tyndall effect).
As well as colloids, certain biopolymers (proteins, nucleic acids) are capable for electrophoresis phenomenon caused by the presence of electric charge. However, this charge does not arise because of diffuse layer on the particles. It is due to dissociation of the polar groups in aqueous solution. 
 By means of electrophoresis it is possible to separate and examine individual blood plasma proteins fractions. This method is used for diagnosis of diseases accompanied by changes of the blood proteins composition. 
Thermal motion makes HMC compounds to collide which leads to formation of bonds between different sites of macromolecules. This results in appearance of associates. These linkages are caused by various interactions: ionic, covalent, hydrogen bonds and hydrophobic interactions. 
Associates are not permanent; they occur in one place, then split and arise again in another. Formation of associates is a major cause of the anomalous viscosity of HMC solutions: it is much higher than that in true and colloidal solutions. 
The shape of molecules influences viscosity greatly. If molecules are linear, viscosity is greater than in solutions of compounds having spherical molecules. If the linear particles are arranged across the flow, they have the greatest resistance to fluid flow. Increasing of the external pressure causes particles to orient along the flow and viscosity of the polymer solutions reduces.
Viscosity of polymers solutions depends on their molecular weight, so the measurement of viscosity is used to determine the molecular weight of HMC.
Unlike colloids, HMC solutions are thermodynamically stable; they form spontaneously and have significantly greater stability than colloidal solutions. 
Addition of large amounts of electrolytes causes separation of macromolecular substances from solution. Salts are usually used as electrolytes for this purpose, so a process is called salting-out. Salting-out is explained by reduced solubility of substances in a concentrated electrolyte solution, similar to the same phenomena in solutions of low molecular weight substances. Addition of large amounts of electrolyte destroys the hydration shell of HMC molecules and they segregate from the solution. Salting-out underlies one of the methods of fractionation of macromolecular substances, in particular proteins, because their ability to segregate from the solution increases rapidly with increasing of molecular weight. Different protein fractions can be salted-out by different concentrations of salts:  low concentrations of salts promote precipitation of heaviest particles with the lowest charge, higher concentrations make more stable fractions to precipitate. The process of salting-out is often reversible: when salt is removed from precipitated protein, it can be returned into the solution. Preparation of therapeutic sera and γ-globulin solution is based on this principle. Solutions of HMC show coacervation – merging of water shells of several particles without combining of the particles themselves. The appearance of protein molecules coacervates is an important element of theory of life origin on Earth. 

6. Isoelectric state of proteins
The charge of the protein molecules in aqueous solutions is due to the presence of additional amino groups in certain amino acids (arginine, lysine) or carboxyl groups (aspartic acid and glutamic acid). Protein exists as anion in aqueous solution if it contains more dibasic acids than diamino acids, otherwise it exists as a cation. The charge of the protein molecule depends on the pH of the solution. In acidic medium protein is positively charged, in basic medium it is negatively charged. The state of protein in which the number of positively charged groups equals number of negatively charged groups, and hence net charge of the molecule is zero, is called  isoelectric state. The pH at which protein is electrically neutral is called isoelectric point (pI ). Being in the isoelectric state, the molecules of the protein do not move in electric field.
7. Gelation. Properties of gels
Polymers solutions and colloidal solutions under some specific conditions lose fluidity and transform into gels. Previously it was mentioned that gels form as a result of limited swelling of polymers. However, gel can be formed from polymer solution by increasing the concentration, reducing the temperature, addition electrolytes. 
Previously was mentioned the possibility of formation of bonds between the individual sections of various macromolecules to form an associates. If the period of existence of bonds between macromolecules becomes larger (for example, in case of slowing of thermal motion or increasing of the number of collisions), the lattice structure whose cells are filled with solvent is formed. 
The process of gelation depends on the shape of the macromolecules, the concentration of solution, temperature, and pH. The polymers having pronounced asymmetry of particles form gels easier.
Increase in concentration of the solution results in increased number of collisions and hence the possibility of the formation of bonds between macromolecules with formation of gels becomes more probable. 
Elevation of temperature leads to more intensive thermal motion of  molecules, and thus prevents gelation.
Gelation process is easiest when pH corresponds to pI. This is because protein molecules are uncharged at pI and do not repel each other.  With the change in pH (in both directions from pI) macromolecules acquire the same charges, which prevents the formation of linkages between them.
 The solid structure of gels can be disturbed at stirring, and then restored again at rest. This phenomenon is called thixotropy (from Greek words tixis - shaking and tropo - change). Thixotropic transformation proceeds at a constant temperature and can be repeated many times.
The number of links between polymer chains in gels increases with time. Structural net of gel shrinks and solvent containing a small amount of dissolved polymer is separated from it. The process of aging of the gel with formation of more dense jelly and dilute polymer solution is called syneresis (from Greek sinereiso – to pull). Effect of various factors on the process of syneresis is the same as on gelation process. 
Syneresis occurs during aging. It is found that aging is accompanied by a gradual change of the spatial structure (tertiary structure) and decrease of hydration of protein molecules. As a result, the tissues become more rigid and less flexible.
8. Donnan membrane equilibrium
Previously it was mentioned that particles of HMW compounds cannot penetrate through semipermeable membrane as easy as ions of low molecular weight electrolytes can. However, the presence of dissolved proteins substantially influences the distribution of the electrolytes on both sides of membranes.
If cell containing dissolved proteins and low molecular electrolytes is placed in electrolytic solution containing no proteins, then some of the ions pass through the membrane, and equilibrium will be established. Based on the thermodynamic analysis of the process, F.G. Donnan found that in equilibrium the following ratio is maintained:
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where x – is amount of electrolyte which is passed into solution of protein;
Cext – electrolyte concentration in the external liquid;
Cint – electrolyte concentration within the cell (internal). 
This ratio is called Donnan membrane equilibrium. If Cint is much higher than Cext, that is, if the concentration of the electrolyte in the external fluid is low, the numerator is small in the given equation. Division gives even smaller number, i.e. in this case, a low molecular weight electrolyte is in the external liquid preferentially. 

If Cext >> Cint, the Cint value of the denominator can be neglected, and then:
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That is, half of the electrolyte from the external fluid will move inside the cell. 
When Cint = Cext
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i.e., in this case, the one third of electrolyte concentration will move into the cell from external liquid. 
So, if the content of the electrolyte within the cell and in the external fluid differ insignificantly, some of the electrolyte enters the cell. 
For example, if Cint = 0,5 Cext
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that is, 0.4 of electrolyte amount enters the cell from the external fluid. This leads to increase in osmotic pressure and helps to maintain turgor of cells even in hypotonic solutions. 
Since osmotic equilibrium is established at uneven distribution of ions on both sides of the membrane, potential difference on both sides of the membrane – the membrane potential arises in the system.
- List of works to be studied:
Laboratory work "Protection of colloidal solutions from coagulation by means of HMW compounds"
Algorithm of laboratory work
1. Preparation of the ferric hydroxide colloidal solutions with addition of various amounts of gelatin solution.
2. Study of coagulation of solutions obtained by electrolyte addition.
3. Calculation of the coagulation threshold in the absence and in the presence of the polymer.
Method of the experiment
Fill in 6 test tubes with 5 ml of iron (III) hydroxide or Berlin blue positively charged sol.   Add 0.2 ml of 0.1% gelatin solution or 0.5% starch solution to the sol in the first test tube, 0.4 ml – in the second test tube, 0.6 ml– in the third test tube, 0.8 ml– in the fourth test tube, 1.0 ml –in the fifth one. Don’t add polymer solution to the sixth test tube which serves as a control. In 2-3 min add 0.05 M sodium sulfate solution drop wise from burette to each test sol until coagulation occurs.  

Calculate coagulation threshold (C), mmol/L, using the formula: 
C(Na2SO4)=
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Note down the data to the table. 

	№ of test tube
	Volume of polymer, ml
	Volume of Na2SO4, ml
	Coagulation threshold (C), mmol/L

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Compare data obtained and make conclusions about the influence of polymers on sol stability. Write the formula of sol micelle. 

- List of practical skills.
After studying the subject student should be able to determine the isoelectric point of the protein, the degree of swelling, the stability of the polymer in respect with electrolytes, the protective action of the HMW compounds solutions, to apply Donnan membrane equilibrium  for estimation of the distribution of electrolytes in living systems.
8. Tasks for knowledge control
1. The main factor of thermodynamic stability of polymers solutions is:
A. High molar mass
B. Lyophilic property  
C. Lyophobic property 
D. The spatial structure
2. Addition of high concentrations of neutral salts on HMW compounds solutions causes:
A. Coagulation
B. Coacervation
C. Salting out
D. Flocculation
3. The ability of HMW solution to restore gel structure after mechanical demolition is called:
A. Syneresis
B. Thixotropy
C. Coacervation
D. Salting out
Answers: 1 - B; 2 - C; 3 - B.
9. Recommendations for the work results design
Algorithms for solving educational problems of class work and self-work  should be recorded in the workbook. Make a protocol of laboratory work,  conclusions about the action of polymers as protective substances on the stability of colloidal solutions.
10. Suggested readings
1.  V. Kalibabchuk, V. Halinska, L. Hryschenko, S. Hodzynski, T. Ovsyanikova,  V. Samarski. Medical chemistry. –Kyiv AUS Medicine Publishing, 2010, −224p.
Навчальне видання

Властивості розчинів біополімерів
Методичні вказівки для самостійної роботи студентів 1-го курсу
 з медичної хімії

Укладачі:

Сирова Ганна Олегівна, 

Грабовецька Євгенія Романівна, 

Шаповал Людмила Григорівна, 
Петюніна Валентина Миколаївна, 

Макаров Володимир Олександрович,
Андрєєва Світлана Вікторівна,

Лук’янова Лариса Володимирівна, 
Козуб Світлана Миколаївна,

Наконечна Світлана Анатолівна,

Тішакова Тетяна Станіславівна,

Левашова Ольга Леонідівна,

Савельєва Олена Валеріївна,

Копотєва Наталія Василівна, 
Чаленко Наталія Миколаївна
Відповідальний за випуск   Грабовецька Є.Р.

Комп’ютерний набір та верстка  Грабовецька Є.Р.

Ризографія.

Умов. др. арк., тираж 200 прим.

ФЛП Томенко Ю.І.

м. Харків, пл. Руднева,4

   High molecular weight compounds








   Most important biopolymers





Structure of proteins





Properties of biopolymers solutions








Properties of gels





Gelation





Isoelectric state of proteins





Swelling





Donnan membrane equilibrium








_1484986819.unknown

_1484987238.unknown

_1484987948.unknown

_1484986950.unknown

_1484986199.unknown

